A theoretical framework is presented for the analysis of orientation and frequency dependent spin-relaxation rates from nuclei diffusing on biaxial rodlike aggregates in rectangular and other amphiphilic liquid crystals. With the aid of eigenfunction expansion and integral transform techniques, the problem of calculating the spectral density functions for surface diffusion on a biaxial rod can be reduced to quadrature, without the need to specify the rod geometry. The general results are applied to ribbonlike and elliptic rods, yielding analytical results. The calculations demonstrate that spin relaxation is a considerably more sensitive probe of interface curvature than the static line shape. The relaxation anisotropy, in particular, can discriminate between closely similar rod geometries with different curvature distributions. © 1997 American Institute of Physics. ͓S0021-9606͑97͒51128-7͔
I. INTRODUCTION
Nuclear-spin relaxation is a rich source of information about molecular organization and dynamics in thermotropic 1 and lyotropic 2 liquid crystals. In amphiphilic mesophases, molecular diffusion over curved interfaces is a major relaxation mechanism. [3] [4] [5] By measuring the orientation and/or frequency dependence of the spin-relaxation rates of nuclei residing in interfacially confined molecular species, detailed information about the geometry of the interface can be derived. While model-independent strategies can be useful, 5 a quantitative analysis of the complete relaxation data requires that a geometric model be formulated and that the spectral density functions determining the spin-relaxation rates be calculated for this model. For the homogeneously curved sphere and circular cylinder, surface diffusion is isomorphic with rotational diffusion ͑in three and two dimensions, respectively͒, leading to Lorentzian spectral densities of the Debye type. 6 Rigorous treatments of the less trivial problem of diffusion on inhomogeneously curved surfaces have been presented only for spheroids 7 ͑relevant for nematic phases͒ and bicontinuous minimal surfaces 8 ͑cubic phases͒. Phases with two-dimensional rectangular lattice symmetry occur in many binary and ternary amphiphile-water systems at compositions intermediate between the classical hexagonal and lamellar phases. 9, 10 Such rectangular phases are believed to consist of rodlike amphiphilic aggregates of noncircular cross section, arranged on a primitive or centered two-dimensional lattice. 11, 12 Previous NMR studies of rectangular phases have been restricted to the limited information contained in static line shapes. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] Much more structural information is available in the spin-relaxation rates. The purpose of the present work is to provide the theoretical framework needed to analyze such data. In particular, we calculate the spectral density functions for surface diffusion on biaxial rods. The results are applicable not only to rectangular phases, but also to nonclassical lamellar 26, 27 and hexagonal 28 phases.
When analyzing spin relaxation in complex systems such as liquid crystals, it is often helpful to proceed in several stages. 5 In the first stage ͑Sec. II͒, the theoretical analysis is taken as far as possible without invoking detailed models, i.e., without specifying the form of the time-dependent distribution function ͑the propagator͒ for the relevant molecular degrees of freedom. By exploiting the known or assumed general properties of the system, such as rotational symmetries 29 at different levels of organization and time scale separation 30 or statistical independence of different degrees of freedom, the problem can often be greatly simplified. A dynamic model for the relevant molecular degrees of freedom is then specified in the second stage of the analysis ͑Sec. III͒. Rather than solving for the surface-diffusion propagator, we obtain the desired time correlation functions and spectral density functions directly by an eigenfunction expansion method or an integral transform approach. In either case, the generic biaxial rod problem can be reduced to quadrature. This is a notable result. A simple integration, often analytically tractable, suffices to obtain the spectral density functions and time correlation functions for surface diffusion on a biaxial rod with any cross-sectional shape exhibiting D 2h symmetry. In the final stage of the analysis, a definite geometry for the rod is specified and the desired time correlation functions and spectral density functions are computed. This is done in Sec. IV for ribbonlike and elliptic rods. Interestingly, the relaxation behavior predicted for these two rod geometries exhibits qualitative differences. As compared to the static line shape, spin relaxation is thus a considerably more sensitive probe of interfacial curvature and, hence, of the microstructure of the phase. Finally, in Sec. V, we illustrate the application of the theoretical results to spin-relaxation data from rectangular and nonclassical lamellar phases.
II. GENERAL CONSIDERATIONS

A. Statement of the problem
We consider a system of nuclear spins whose interaction with the molecular environment is described by a secondrank irreducible tensor V, e.g., an electric quadrupole-field gradient coupling or an intramolecular magnetic dipole-dipole coupling. 31 In the motional-narrowing regime, 31 the response of the spin system to external magnetic perturbations ͑as in a spin-relaxation experiment͒ is governed by the three lab-frame spectral density functions ͑SDFs͒ J kk L (), k ϭ0, 1, 2, which constitute the real part of the FourierLaplace transform of the corresponding time-correlation functions ͑TCFs͒, G kk L (), i.e.,
where V k L () is the fluctuating part of the kth spherical component V k L , in a laboratory-fixed frame, of the spin-lattice coupling tensor V
͑2.3͒
For the systems under consideration, a variety of molecular motions may cause the spin-lattice coupling to fluctuate in time. 2, 5 Typically there are fast fluctuations of relatively small spatial amplitude, due to highly localized motions, superimposed on slower fluctuations of larger amplitude, due to modulation of the magnitude and orientation of the locally averaged coupling tensor. If these two classes of motion occur on different time scales, the correlation functions can be decomposed into two independent parts associated with fast and slow motions. 30 In this work we focus on the part of the correlation functions that is due to slow motions. Accordingly, all coupling tensor components should be interpreted as locally averaged quantities.
We consider a liquid-crystalline phase composed of rodlike aggregates of indefinite length and biaxial cross section. The rods may be arranged on a two-dimensional lattice, as in a rectangular [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] or hexagonal 28 phase, or may be isotropically disordered within planes, as in a nonclassical lamellar phase. 26, 27 If the rods are sufficiently long and rigid, they can be regarded as immobile on the time scale of surface diffusion. Furthermore, if the cross section does not vary along the length of the rod and if the rod axis is sufficiently straight ͑long persistence length͒, the effects of surface diffusion along the ͑curved͒ rod axis and around this axis are independent and additive. We shall only be concerned with the latter ͑azimuthal͒ surface diffusion process. We also assume that the exchange of the spin-bearing species among different aggregates is slow compared to azimuthal surface diffusion and that the spin-bearing species is uniformly distributed over the perimeter of the rod. Finally, we assume that the locally averaged spin-lattice coupling tensor possesses at least threefold rotational symmetry (C 3 ) with its symmetry axis everywhere perpendicular to the aggregate surface and that it is spatially uniform over the rod surface, so that only its orientation is modulated by surface diffusion.
B. Time scale separation
It is convenient to introduce four coordinate systems denoted L, C, R, and N, defined in Table I and illustrated in Fig. 1 . The transformation of the fluctuating coupling tensor components V k L () from the lab-fixed frame L to the N frame, with its principal axis along the local surface normal, can be expressed as
where the fluctuating crystal-frame components V n C () are defined as in Eq. ͑2.3͒, with
The with the crystal-frame TCFs G nn Ј C () defined in analogy with Eq. ͑2.2͒. Under the conditions stipulated in Sec. II A, the Euler angles ⍀ CR fluctuate on a much longer time scale than do the Euler angles ⍀ RN . As a result, the crystal-frame TCF can be written as a sum of two independent TCFs, 30 one associated with azimuthal surface diffusion and the other with rod motion and diffusion along the ͑slightly curved͒ rod axis. We focus on the former part, which takes the form
with the rod-frame TCFs G pp Ј R () given by
͑2.8͒
Here we have inserted the Euler angles ⍀ RN from Table II .
C. Irreducible TCFs and relaxation anisotropy
For a biaxial rod, there are two independent rod-frame TCFs, associated with the irreducible representations A 1 and B 1 of the D 2h point group. 29 These are related to the spherical TCFs in Eq. ͑2.8͒ as
where we have introduced the rod-frame order parameter
The dependence of the spin-relaxation rates on the orientation of the liquid-crystalline phase with respect to the external magnetic field, as specified by the Euler angles ⍀ LC , follows from Eqs. ͑2.6͒, ͑2.7͒, and ͑2.9͒. The modelindependent information that can be derived from a study of this relaxation anisotropy is contained in the irreducible crystal-frame SDFs. These are linear combinations of the two rod-frame irreducible TCFs in Eq. ͑2.9͒, with coefficients that depend on the rotational symmetry of the phase.
For biaxial rods in a hexagonal or nematic phase, with the rod axis along the optic axis of the phase, we have ⍀ CR ϭ(0,0,␥) and only one nonzero crystal-frame TCF ͑as-sociated with the irreducible representation E 2 ͒,
The orientation dependence of the lab-frame TCFs is then of the form
with
13a͒
For biaxial rods orientationally disordered in the planes of a lamellar phase, the three irreducible crystal-frame TCFs are 26 G 00 C ͑ ͒ϭ
The nine angular functions are the usual ones for a uniaxial phase. 29, 33 For biaxial rods in a rectangular phase, with the rod axes along one of the principal axes of the phase, we have ⍀ CR ϭ(0,0,␥) and two nonzero crystal-frame irreducible TCFs, related to the spherical crystal-frame TCFs as in Eq. ͑2.9͒. In terms of the irreducible rod-frame TCFs,
The orientation dependence of the lab-frame TCFs is then of the form 
III. DIFFUSION ON A GENERIC BIAXIAL ROD
A. Arc-length parametrization
The two irreducible rod-frame TCFs in Eq. ͑2.9͒ may be expressed as
where f (␣,͉␣ 0 )d␣ is the probability of having an orientation within d␣ of ␣ at time given an initial orientation ␣ 0 , and f (␣)ϭ f (␣,→ϱ͉␣ 0 ) is the equilibrium orientational distribution. The natural variable for describing surface diffusion on a biaxial rod is the arc length s rather than the azimuthal angle ␣. The mapping between the two parametrizations follows from the relations ͑see Fig. 1͒ cos ␣ϭdy R /ds, ͑3.2a͒
sin ␣ϭϪdx R /ds, ͑3.2b͒
If the spin-bearing species is uniformly distributed over the rod surface
with the perimeter of the cross section of the rod. The TCFs in Eq. ͑3.1͒ can now be expressed as
ds f ͑s,͉s 0 ͓͒cos 2␣͑s ͒ϪS R ͔, ͑3.5a͒
ds f ͑s,͉s 0 ͒sin 2␣͑s ͒. ͑3.5b͒
B. Surface diffusion equation
For a straight and axially uniform biaxial rod, the surface diffusion propagator factorizes into z ͑along the rod axis͒ and s ͑around the rod axis͒ propagators. If the equilibrium distribution f (s) and surface diffusion coefficient D are uniform in s, the s propagator satisfies the usual one-dimensional force-free diffusion equation
with the initial condition f ͑ s,0͉s 0 ͒ϭ␦͑ sϪs 0 ͒, ͑3.7͒
and the periodic boundary condition f ͑ sϩ,͉s 0 ͒ϭ f ͑ s,͉s 0 ͒.
͑3.8͒
The generic problem is now completely specified. By solving Eqs. ͑3.6͒-͑3.8͒ for the propagator, inserting this into Eq. ͑3.5͒, integrating over s and s 0 , and finally performing the Fourier-Laplace transform in Eq. ͑2.1͒, we obtain the desired rod-frame SDFs J A R () and J B R (), which give rise to the observable orientation dependent spin-relaxation rates according to the relations given in Sec. II C. As described in the following two subsections, however, the TCFs or SDFs can be obtained directly without explicitly solving the partial differential Eq. ͑3.6͒ for a specific rod geometry.
C. Eigenfunction method
The solution to the diffusion problem, Eqs. ͑3.6͒-͑3.8͒, can be expressed as an eigenfunction expansion ͑or Fourier series͒ of the form 34 f ͑ s,͉s 0 ͒ϭ 1
with orthonormal eigenfunctions
and eigenvalues k 2 D with k ϭ2k/.
͑3.11͒
Combination of Eqs. ͑3.5͒, ͑3.9͒, and ͑3.10͒ yields for the TCFs
According to Eq. ͑2.1͒, the corresponding SDFs are obtained as sums of Lorentzians. The problem thus has been reduced to quadrature, the only computational task being the evaluation of the integrals
To obtain these results, we have exploited the twofold (D 2h ) symmetry of the cross section, which causes the odd terms in the expansion to vanish and allows the integration range to be restricted to one quadrant of the perimeter. It should be noted that the results are valid for any crosssectional shape with D 2h symmetry. The geometrical parameters enter only via the mapping ␣(s) in Eq. ͑3.3͒.
D. Integral transform method
For highly anisometric rod cross sections and high frequencies, the rate of convergence of the eigenfunction expansion of the SDFs is slow. It may then be preferable to use an integral transform method which yields the SDFs directly without the intermediate calculation of TCFs. This method is also useful for analytical investigations of limiting behavior.
Combining 
͑3.19͒
Inserted into Eq. ͑3.14͒, this provides the solution to the generic problem. The computation involves a double integral, but no infinite sum as in the eigenfunction expansion. The adiabatic spectral densities are most easily obtained by direct integration of Eq. ͑3.17͒ with ϭ0, leading to 
IV. DIFFUSION ON RODS OF PRESCRIBED GEOMETRY
A. Ribbonlike rod
Parametrization
We consider first a rod with a central lamellar part of width L capped by hemicylindrical edges of radius R ͑see Fig. 2͒ . We use the arc-length parametrization and note that ␣(s)ϭs/R for 0рsрR/2 and ␣ϭ/2 for R/2рs р/4. The anisometry of the rod cross section is specified by the axial ratio ϭ(Lϩ2R)/(2R) or by the fraction of curved perimeter ͑or surface area͒
͑4.1͒
with the perimeter ϭ2(RϩL). The rod-frame order parameter is simply
Time-correlation functions
The amplitude factors in Eq. ͑3.13͒ are readily evaluated for a ribbonlike rod, leading to the following eigenfunction expansions of the rod-frame TCFs:
͑4.3b͒
where c ϭR 2 /(4D) is the correlation time for a circular rod (→1). The initial-time TCFs can be obtained by performing the sums in Eq. ͑4.3͒ or, more directly, from Eqs. ͑3.5͒ and ͑3.7͒, with the result
For a circular rod (→1), these expressions reduce to 3/8 as expected.
Spectral density functions
The eigenfunction expansions are obtained from Eqs. ͑2.1͒ and ͑4.3͒,
͑4.5a͒
͑4.5b͒
Alternatively, the integral transform method of Sec. III D leads to closed-form analytical results for these SDFs. Since these are lengthy, however, we quote only the adiabatic results, obtained from Eqs. ͑3.20͒ and ͑3.21͒,
B. Elliptic rod
Parametrization
For a rod with an elliptic cross section, it is convenient to use the parametrization x R ϭa cos , ͑4.7a͒
where a and b are the major and minor semiaxes of the ellipse ͑see Fig. 2͒ and the elliptic coordinate is in the range ͓0,2͔. The anisometry of the cross section is specified by the axial ratio ϭa/b or the eccentricity ⑀ϭͱ1Ϫ Ϫ2 . The arc length s is related to as
with the reduced metric coefficient
͑4.9͒
For р/2, Eq. ͑4.8͒ can be expressed in terms of the elliptic integral of the second kind 36 s͑ ͒ϭa͓E͑ ⑀ 2 ͒ϪE͑ /2Ϫ͉⑀ 2 ͔͒.
͑4.10͒
The perimeter of the ellipse is
The angular functions appearing in the TCFs are obtained from Eq. ͑3.3͒ as
The rod-frame order parameter is
͑4.13͒
where we have also introduced the ͑complete͒ elliptic integral of the first kind. 
Time-correlation functions
Inserting Eq. ͑4.12͒ into Eq. ͑3.13͒, we obtain for the amplitude factors in the eigenfunction expansion
h͑ ͒ cos͓ 2k s͑ ͔͒, ͑4.14a͒
Numerical evaluation of these integrals, using Eqs. ͑4.9͒ and ͑4.10͒, yields the SDFs in Eq. ͑3.12͒. The initial-time TCFs are most easily obtained directly from Eqs. ͑3.5͒ and ͑3.7͒
͑4.15b͒
These results, like Eq. ͑4.4͒, satisfy the relation
valid for a generic rod.
Spectral density functions
The elliptic-rod SDFs can be computed numerically using either the eigenfunction expansion, with the amplitudes in Eq. ͑4.14͒, or using the integral transform method. In the adiabatic limit, combination of Eqs. ͑4.8͒-͑4.12͒ with Eqs. ͑3.20͒ and ͑3.21͒ yields
͑4.17a͒
and
͑4.17b͒
where c ϭb 2 /(4D) is the correlation time for a circular rod (→1).
C. Geometric limits
In the limit of a circular rod, →1, the amplitude factors in Eq. ͑3.13͒ reduce to
With Eqs. ͑3.11͒ and ͑3.12͒, we then recover the well-known result
The biaxial rod has two distinct →ϱ limits. If a or L→ϱ with b or R fixed, the rod tends to an infinite lamella of thickness 2b or 2R, but if b or R→0 with a or L fixed, it becomes an infinitely thin strip of width 2a or L. In both limits, the amplitude factors in Eq. ͑3.13͒ vanish and, hence, so do the TCFs at all times and the SDFs at all finite frequencies. At zero frequency, however, the vanishing mode amplitudes may be balanced by diverging mode relaxation times, leading to a finite adiabatic spectral density in the lamella limit. For the ribbonlike rod, we thus obtain in this limit 
͑4.21͒
The qualitative difference between the two cross-sectional geometries in this limit suggests that spin relaxation is a sensitive probe of the curvature distribution in the rod. The limiting results in Eqs. ͑4.20͒ and ͑4.21͒ are not strictly applicable to experimental relaxation data since the motional narrowing approximation, inherent in the conventional perturbation theory of spin relaxation, 31 breaks down for mode relaxation times exceeding the spin-relaxation time. This complication may be handled in an approximate manner by introducing a cutoff time, as previously described in connection with diffusion on spheroidal surfaces. 7 For the present case, one obtains similar results, showing that, for typical spin-lattice coupling constants, a significant departure from motional narrowing theory appears only for axial ratios of order 10 3 ͑elliptic rod͒.
D. Numerical results
In this subsection, we present numerical results for the rod-frame TCFs and SDFs, focusing on the effect of the cross-sectional shape. By comparing results for the ribbonlike and elliptic rods, we assess the effect of the curvature distribution for a given axial ratio.
The rod-frame order parameter is shown in Fig. 3 . For the elliptic rod, S R Ϸ1/Ϫ1 is a reasonable approximation, accurate to better than 6% for Ͼ2. As gauged by the order parameter, a ribbonlike rod is more nearly spherical than an elliptic rod of the same axial ratio. The initial-time TCFs, shown in Fig. 4 , reveal qualitative differences between the ribbonlike and elliptic rods. With increasing axial ratio , the ratio G A R (0)/G B R (0) increases monotonically from 1 to 3 for a ribbonlike rod but decreases monotonically from 1 to 0 for an elliptic rod. The relative difference between the two TCFs is also much larger for the ribbonlike rod. At ϭ2.5, for example, there is a twofold difference for the ribbonlike rod but merely 14% for the elliptic rod. Somewhat counterintuitively, the mean square fluctuation of cos 2␣ϪS R is larger for a ribbonlike rod with 1ϽϽ2.5 than for a circular rod, i.e., which has the same zeroth moment as the exact TCF. A modest deviation from single-exponential decay is evident at ϭ2, but at ϭ5 Eq. ͑4.22͒ fails completely. For the elliptic rod, the TCFs of A 1 and B 1 symmetry decay in a similar way. In fact, for ϭ2 they are indistinguishable. For the ribbonlike rod, however, the TCF of A 1 symmetry has a considerably slower decay.
The variation of the adiabatic spectral densities with axial ratio is shown in Fig. 7 for the two rod geometries. In Fig. 7͑a͒ the rod grows in one dimension, i.e., a or L increases at fixed b or R, whereas in Fig. 7͑b͒ the rod is deformed at fixed volume ͑or cross-sectional area͒. Again, the ribbonlike rod exhibits the largest difference between the A 1 and B 1 symmetries. At ϭ2, J A R (0) and J B R (0) differ by a factor of 2.36 for the ribbonlike rod, but by less than 10% for the elliptic rod. As the width of the elliptic rod is increased, both spectral densities go through maxima, at ϭ2.1 for J A R (0) and at ϭ4.2 for J B R (0). Whereas J A R (0) vanishes in the lamella limit (→ϱ), J B R (0) tends to the finite limit given in Eq. ͑4.21͒. For Ͼ1.6, J B R (0) is within 10% of this limiting value. As the width of the ribbonlike rod is increased, J B R (0) exhibits a maximum ͑at ϭ1.5͒, whereas J A R (0) increases monotonically with towards the limiting value given in Eq. ͑4.20͒. For deformation at constant rod volume ͓Fig. 7͑b͔͒, all adiabatic spectral densities decrease with except J A R (0) for the ribbonlike rod which exhibits a maximum mimicking the corresponding initial-time TCF ͑see Fig. 4͒ .
V. CONCLUDING REMARKS
We have presented here the theoretical framework needed to analyze orientation and frequency dependent spinrelaxation rates governed by surface diffusion on biaxial rods in amphiphilic liquid crystals. It is noteworthy that the problem of calculating TCFs and SDFs can be reduced to quadrature for a generic biaxial rod, leading to analytical results for specific geometric models. This simplification is a consequence of the one-dimensional nature of the azimuthal surface diffusion process and contrasts with previously investigated cases 7, 8 where the eigenvalue problem had to be solved numerically.
The most notable limitation of the present treatment is probably the assumption of a homogeneous distribution of the spin-bearing molecular species over the perimeter of rod. Due to the inhomogeneous mean curvature of a biaxial rod, the molecular distribution cannot be perfectly homogeneous. The inhomogeneity can be pronounced in two-component rods containing amphiphiles of widely different chain lengths or with ionic and neutral headgroups. 16, 24, 25, 37 Fortunately, it is straightforward to extend the present treatment to inhomogeneous molecular distributions. Suitably parametrized, the distribution enters the diffusion Eq. ͑3.6͒ as a potential of mean force. In general, the eigenvalues and eigenfunctions would then have to be obtained numerically. For a step-function distribution, however, analytical results can be obtained since the force-free diffusion Eq. ͑3.6͒ remains valid in each homogeneous region, the inhomogeneity entering only via the boundary conditions. 38 A step-function inhomogeneity in the surface diffusion coefficient and/or the local order parameter could also be incorporated without further complications. A step-function description might be reasonable for a ribbonlike geometry.
In our view, the most interesting result of this study is the dramatic difference between the ribbonlike and elliptic rods. Whereas the order parameter S R that determines the static lineshape is similar for the two geometries ͑cf. Fig. 3͒ , the SDFs that govern the spin-relaxation rates are qualitatively different for the two geometries ͑cf. Fig. 7͒ . This finding strikingly illustrates that spin relaxation is an extremely sensitive probe of interfacial curvature. The main difference between ribbonlike and elliptic rods is in the relation between the two irreducible SDFs of A 1 and B 1 symmetry and should thus be manifested primarily in the relaxation anisotropy. Figure 8 shows the anisotropy of the lab-frame spectral densities J 11 L ( 0 ) and J 22 L (2 0 ), which are linearly related to the measured spin-relaxation rates. 5 ͑The adiabatic spectral density is likely to be dominated by slow director fluctuations.͒ The calculated relaxation anisotropy pertains to a rectangular phase in the orientation ␤ϭ90°where the anisotropy induced by the biaxial cross section is strongest ͓cf. Eqs. ͑2.16͒-͑2.18͔͒. As anticipated, the ribbonlike and elliptic rods yield qualitatively different relaxation anisotropies. ͑For a circular rod, there is no dependence at all on the angle .͒ While no spin-relaxation data from rectangular phases have been published to date, the present results indicate that such studies would be rewarding.
The only available spin-relaxation data of direct relevance to this work come from a counterion 23 Na relaxation study of a nonclassical lamellar phase with extensively disrupted bilayers. 26 Although the geometry of the microstructure has not yet been unambiguously established, the NMR data are consistent with biaxial rods. 26, 27 Since a lamellar phase has D ϱh symmetry ͑the observed line shape requires at least threefold symmetry and the observed relaxation anisotropy at least fivefold symmetry͒, the rod axis must be isotropically distributed in the lamellar plane. Presumably, this occurs on sufficiently large length scales that the nonadiabatic rod-frame spectral densities are unaffected. Since the relaxation anisotropy is dictated by the D ϱh symmetry of the phase, it cannot be used to discriminate among different rod geometries as in a rectangular phase ͑cf. Fig. 8͒ . The rodframe spectral densities J A R () and J B R () at ϭ 0 and 2 0 can nevertheless be determined. From a modelindependent analysis, assuming Lorentzian spectral densities ͑for р2 0 ͒, the initial TCFs G A R (0) and G B R (0) and the effective correlation times A and B were deduced. 26 The initial TCFs were not quantitatively consistent with either ribbonlike or elliptic rod geometries, but could be rationalized in terms of a hybrid geometry with a lamellar region capped by hemi-elliptic edges (Ϸ2.4). 26 The two correlation times were found to be equal within experimental error ͑2.3Ϯ0.7 ns and 2.3Ϯ0.8 ns͒. According to the present results, this is inconsistent with a ribbonlike rod ͑with hemicylindrical edges͒. A definite conclusion, however, would probably require an analysis taking into account the inhomogeneous surface distribution of counterions.
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